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UNDER REDUCED PRESSURE 

(57)Abstract: 

PURPOSE: To further increase cleaning speed and to enable uniform treatment even to a rugged surface 
by carrying out cleaning under reduced pressure in UV/03 cleaning with a dielectric barriered discharge 
lamp contg. gaseous xenon. 

CONSTITUTION: Oxygen or oxygen-contg. fluid is irradiated under reduced pressure with vacuum UV 
radiated from a dielectric barriered discharge lamp contg. gaseous xenon or xenon-based gas to form 
ozone and active oxidizing decomposed matter by a photochemical reaction. These products are brought 
into contact with the surface of a body to be treated or a material on its surface. Cleaning speed is 
increased under reduced pressure as compared with the conventional speed and high concn. ozone or 
active oxidizing matter is obtd. without using an ozonizer. High treatment speed is attained, the interval 
between the light source and the body to be treated can be widened and even the rugged surface of a 
body to be treated can be uniformly treated. 
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* NOTICES * 



Japan Patent Office is not responsible f or *iany 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



tClaim(s)] 

[Claim 1] Vacuum-ultraviolet light emitted from a dielectric barrier discharge lamp which enclosed gas 
which used a xenon or a xenon as a principal component Irradiate a fluid which contains oxygen or oxygen 
under reduced pressure, and photochemical reaction is made to generate ozone and an activity oxidizing 
quality decomposition product. How to oxidize under reduced pressure of material on a processed material 
body surface which this ozone and an activity oxidizing quality decomposition product are made to contact 
material on a processed material body surface or the surface concerned, and is characterized by making 
the surface or the material concerned concerned oxidize, or the surface concerned. 
[Claim 2] Vacuum-ultraviolet light emitted from a dielectric barrier discharge lamp which enclosed gas 
which used a xenon or a xenon as a principal component While irradiating a fluid which contains oxygen or 
oxygen under reduced pressure, making photochemical reaction generate ozone and an activity oxidizing 
quality decomposition product and making this ozone and an activity oxidizing quality decomposition 
product contact material on a processed material body surface or the surface concerned How to oxidize 
under reduced pressure of material on a processed material body surface which irradiates said ultraviolet 
radiation also at the surface or the material concerned concerned, and is characterized by making the 
surface or the material concerned concerned oxidize in those collaboration operations, or the surface 
concerned. 

[Claim 3] How to oxidize under reduced pressure of material on claim 1 characterized by what was 
specified to 1x10-5<p<0.2 when oxygen tension of a fluid containing oxygen or oxygen is set to p 
(atmospheric pressure), a processed material body surface according to claim 2. or the surface concerned. 
[Claim 4] How to oxidize under reduced pressure of material on a processed material body surface 
according to claim 3 or the surface concerned from claim 1 characterized by oxidizing so that a surface of 
the surface concerned or an oxide of the material concerned may be separated or removed from the 
surface concerned as a gas in case material on a processed material body surface or the surface 
concerned is made to oxidize. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the oxidation method of the processed material for the 
wettability improvement by reforming of formation of the oxide skin on a metal or the surface of a 
semiconductor, removal of the dirt of the organic compound adhering to a surface of metal or the glass 
plate surface, ashing of the unnecessary photoresist on a silicon wafer, dry precision washing, or a 
processed material body surface etc. 
[0002] 

[Description of the Prior Art] the discharge gas which there is a Japan public presentation patent official 
report common No. 7353 [ two to ] if it considers as the technology relevant to this invention, and forms 
an excimer molecule there at a discharge container — being filled up — dielectric barrier discharge (alias 
name ozonizer discharge or silent discharge.) An excimer molecule is made to form by refer to the 263rd 
page of the reprint 7 ****** in Institute of Electrical Engineers of Japan issue revised new edition 
(discharge handbook) June, Heisei 1 , and the radiator which takes out the light emitted from this excimer 
molecule, i.e., a dielectric barrier discharge lamp, is indicated. On the other hand, UV/03 which used the 
co-operation operation of ultraviolet radiation and ozone as a method of performing organic substance 
removal of the surface, removal of ap unnecessary resist, dry precision washing, oxidizing-zone formation 
of a surface of metal, etc. without damaging a processed material in recent years Processing was 
developed and it resulted in utilization. Although a principle, equipment, the cleaning effect, the use, etc. 
are explained to Chapter 9 (the 313rd page and (henceforth reference 1)) of a book "the new technology of 
ozone use" (3 **** bookstore issue, November 20, Showa 61) by details about "UV/03 processing". 
[ page / 301st ] According to it, the light of 1 85nm of vacuum-ultraviolet light emitted from a low-pressure 
mercury lamp is irradiated, and ozone is making air, the air which added oxygen, and oxygen gas generate it. 
And said a part of ozone is decomposed with the light of 254nm of far-ultraviolet light emitted from the 
same low-pressure mercury lamp, ozone and ozonolysis gas are contacted to a processed material body 
surface, the organic contamination on the surface concerned is oxidized, and it is C02. It is made to 
change to low-molecular oxides, such as H2 O, and dry precision washing of the surface concerned is 
carried out by removing. 

[0003] Moreover, the ozone made with the ozonizer is led to a processing room as other methods, and the 
light of 254nm of far-ultraviolet light emitted from a low pressure mercury lamp is irradiated at ozone, it 
decomposes, ozone and ozonolysis gas are contacted to a processed material body surface, and oxidation 
removal of the organic contamination on the surface concerned is carried out. 

[0004] the value of distance d (cm) which 185nm light will penetrate if an ozone level is low and tends to 
make [ many ] absolute magnitude of the ozone to generate in the technology of the reference 1 above- 
mentioned publication when not using an ozonizer — oxygen tension p (atmospheric pressure) — 0.2 
atmospheric pressures — the value of 10cm or more, i.e., dxp, — about 2 — it had to enlarge more. 
Therefore, while there was a defect which equipment enlarges, high-concentration ozone was not obtained, 
but the process speed was slow. On the other hand, when an ozonizer was used, itself is expensive 
equipment, the economical problem occurred, and usable conditions were narrowed. 

[0005] The light source currently used for the method described above was a low-pressure mercury lamp 
(wavelength of 254nm, 185nm). On the other hand, ** and others is collection of 41st Japan Society of 
Applied Physics relation union lecture meeting lecture summaries 30 p-ZE -2, and is UV/03 on the 
surface of glass. In washing, by using the dielectric barrier discharge lamp which has main wavelength in 
172nm which enclosed xenon gas has reported that high-speed washing processing is attained compared 
with a low-pressure mercury lamp, and that process processing at low temperature is attained. 
[0006] oxygen-content child 02 from — it is called light with a wavelength of 175nm or less that the 



strong active oxygen O of oxidation capacity (1D) is directly generable, and vacuum-ultraviolet light with a 
main wavelength of 172nm which a dielectric barrier discharge lanpp emi1;s can generate direct active 
oxygen O (ID). On the other hand, it cannot generate directly and a low-pressure mercury lamp is ozone 
03 once at 185nm light. It generates, and it is decomposed with 254nm light and active oxygen O (1D) is 
generated. However, the luminous efficiency of 185nm is quite low compared with a barrier discharge lamp, 
therefore the generation effectiveness of active oxygen O (1D) is inferior. Moreover, 172nm is as large as 
15cm-1 to 185nm of the absorption-oMight coefficient by ambient atmosphere oxygen being 0.8cm-1. 
then, it can say that the direction of a dielectric barrier discharge lamp is alike compared with a low- 
pressure mercury lamp, and that the ozone near the light source and the concentration of active oxygen 
are large, thus, although the dielectric barrier discharge lamp has the oxidation capacity which was 
excellent compared with the low-pressure mercury lamp, in the processing under old atmospheric pressure, 
the effect is not enough demonstrated depending on the irregularity of (2) processed-material body surface 
whose distance from (1) light source to a processed material object is too short — (3) — the defect or the 
technical problem of the optimal processing conditions not being attained occurred. [ moreover, ] 
[0007] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above-mentioned 
situation. The purpose Even if it does not use an ozonizer, high-concentration ozone or a high- 
concentration activity oxidizing quality decomposition product is acquired, therefore are cheap. A process 
speed is large and the distance from the light source to a processed material object can be earned. It is in 
offering the method of oxidizing the material on the processed material body surface which can be 
processed to homogeneity, or the surface concerned also to the irregularity of a processed material body 
surface, the method of carrying out oxidation removal of a contamination or the unnecessary organic 
substance, or the method of being smeared and improving a sex. 
[0008] 

[Means for Solving the Problem] In order to attain the purpose of this invention, following oxidation 
methods are adopted in this invention. 

(1) Irradiate a fluid which contains oxygen or oxygen for vacuum-ultraviolet light emitted from a dielectric 
barrier discharge lamp which enclosed gas which used a xenon or a xenon as a principal component under 
reduced pressure, make ozone and an activity oxidizing quality decomposition product generate, make this 
ozone and an activity oxidizing quality decomposition product contact material on a processed material 
body surface or the surface concerned, and make the surface or the material concerned concerned oxidize 
by photochemical reaction. 

(2) Vacuum-ultraviolet light emitted from a dielectric barrier discharge lamp which enclosed gas which used 
a xenon or a xenon as a principal component While irradiating a fluid which contains oxygen or oxygen 
under reduced pressure, making photochemical reaction generate ozone and an activity oxidizing quality 
decomposition product and making this ozone and an activity oxidizing quality decomposition product 
contact material on a processed material body surface or the surface concerned Said ultraviolet radiation 
is irradiated also at the surface or the material concerned concerned, and the surface or the material 
concerned concerned is made to oxidize in those collaboration operations. 

[0009] In here, it can say that it is good in a material with which it being easy to use duplex cylindrical or a 
plane mold and all or a part of takeoff connection of vacuum-ultraviolet light were chosen from from 
especially as a configuration of a dielectric barrier discharge lamp among synthetic quartz glass, sapphire, 
alkali-metal halide, or alkaline-earth-metal halide. 

[0010] It is good to specify to 1x10-5<p<0.2, in order to make processing speed quicker than the time of 
the conventional atmospheric pressure, when oxygen tension of a fluid which contains oxygen or oxygen 
under reduced pressure is practically set to p (atmospheric pressure), and in order to acquire a still more 
remarkable effect, it is good to limit the above-mentioned convention range to further 0.005<p<0.05. If it is 
the case of removal of an unnecessary photoresist, in case material on a processed material body surface 
or the surface concerned will be made to oxidize, since a vapor rate is rash as a gas, a surface of the 
surface concerned or an oxide of the material concerned can oxidize so that it may be efficiently separated 
or removed from the surface concerned. 
[0011] 

[Function] It is filled with the gas for discharge which forms an excimer molecule in a discharge container, 
and an excimer molecule is made to form by dielectric barrier discharge, and the radiator which takes out 
the light emitted from this excimer molecule, i.e.. a dielectric barrier discharge lamp, has the various 
features it is featureless to a conventional low pressure mercury lamp and a conventional high-voltage-arc 
electric-discharge lamp. This lamp itself is known by JP.2-7353.A etc. In this invention, the gas which uses 
a xenon or a xenon as a principal component is specified as gas for discharge. 



[0012] It turned out that high-concentration ozone and a high^concentration activity oxidizing quality 
decomposition product will be acquired [ light / (main wavelength of 1 72nm) / which is generated when the 
excimer (Xe2*) of the xenon excited with the dielectric barrier discharge lamp dissociates in a xenon atom 
conventionally, as stated above ] in oxygen or oxygen rather than the case of 185nm of ultraviolet radiation 
emitted from a low-pressure mercury lamp if the fluid to contain is irradiated. 

[0013] At this invention, it is UV/03. In washing, optimization in the ambient atmosphere of the general 
condition currently performed conventionally was considered, and investigation and an experiment were 
conducted about the pressure dependency of washing. Consequently, under reduced pressure, it found out 
that a backwashing rate improved compared with the former and optimum conditions were searched for. 
[0014] The improvement in the backwashing rate under reduced pressure can be presumed as follows. 
UV/03 It is thought by washing that it is washed at the following step. 
(1) Generation 02 of ozone and active oxygen + hnu -> 0(1D)+ O (3P) 

Balking from the surface by the excited molecule of 0(3P)+02 -> 02 -> 0(3P)+ 02(2) 02, the organic 
compound on the diffusion (3) surface to the washed field of O (3P) and O (ID), oxidation reaction of 
oxygen active species, and evaporation 0303 (washing) + hnu -> 0(1D)+ 

[0015] It is thought that any become a rate-limiting process in these processes changes with the 
pressures of an ambient atmosphere, namely, — a low voltage force field — the generating speed of active 
oxygen — it is thought that it is rate-limiting, and process speed is determined by the diffusion rate rate- 
limiting of active oxygen in a high-pressure force field, and is determined by both ****-ization in the 
staging area. Since a life, a diffusion rate, etc. of active oxygen are greatly dependent on a pressure, it is 
thought that the optimal washing conditions are attained in the field shown in the above-mentioned 
convention range. On the other hand, by making it reduced pressure, it is rash also in the vapor rate of the 
oxidized material, and it is thought that it contributes to much more backwashing rate rise. This is 
considered that the effect becomes large when extensive evaporation material, such as ashing, exists. 
[0016] 

[Example] Drawing 1 is the schematic diagram of the dielectric barrier discharge lamp used for this 
invention. In drawing 1 , the discharge container 1 is a product made from synthetic quartz with an overall 
length of about 150mm, and is the structure which has arranged the with an outer-diameter thickness 
[ 1mm thickness of 14mm ] inner tube 2, and the with a bore thickness [ 1mm thickness of about 24mm ] 
outside pipe 3 on the same axle, and formed the bell shape discharge space 7. The outside pipe 3 is making 
the dielectric barrier of dielectric barrier discharge, and optical ejection window part material serve a 
double purpose, and the mesh electrode 4 is formed. The aluminum thin film electrode 5 which served as 
the reflecting plate of light and the electrode of dielectric barrier discharge is formed in the inside of an 
inside pipe. 250-torr xenon gas was enclosed with the discharge space 7 of a discharge container as 
discharge gas. The getter 6 is formed in the getter room 8. In the inside dead air space 9 of a lamp, a 
cooling fluid, for example, cooling nitrogen gas, can be poured now if needed. According to the power supply 

10. this dielectric barrier discharge lamp was turned on in 20W of inputs here. Consequently, the ultraviolet 
radiation which has the maximum radiation value in wavelength of 172nm was emitted efficiently. 

[0017] Drawing 2 is explanatory drawing of the surface washing method of the slide glass which used the 
above-mentioned lamp. In drawing 2 ,11 is a processing room, in the interior, the sample base 1 2 and the 
size 1cmx2cm slide glass 13 carried on the base are arranged, and the above-mentioned lamp is arranged 
through the exposure aperture 14 made from synthetic quartz in the upper part. The oxidizing quality fluid 
entrance 15 and exhaust port 16 containing oxygen or oxygen of gas are prepared in the processing room 

1 1, it connects with evacuation equipment 22 through the bulb 21 at the exhaust port, and it is possible to 
decompress to the pressure of arbitration. The source 19 of nitrogen gas and the source 20 of oxygen gas 
have connected with the entrance through a mixing chamber 17 and a bulb 18. 

[0018] Used such irradiation equipment, made the electrical input of the above-mentioned lamp into 20W. 
the partial pressure p (atmospheric pressure) of distance [ on an exposure aperture and the surface of 
slide glass ] d (cm) and the oxygen of the processing interior of a room was made to change, and the 
backwashing rate was investigated. In addition, the slide glass used for evaluation carried out ultrasonic 
cleaning for 5 minutes in isopropyl alcohol (it is called Following IPA.) as pretreatment, and what was left 
for 2 or 3 days in after [ an air drying ] atmospheric air was used for it. In evaluation of a backwashing rate, 
the contact angle of pure water was measured with the contact angle plan. The one where the thickness of 
a surface organic contamination layer is thicker has a large contact angle, and the contact angle is said to 
be about 0.1 or less molecular layers at 3 times. Moreover, the contact angle which is not glared [ of this 
sample ] was about 49 degrees. 

[0019] A result is as in the table shown in drawing 3 . Drawing 3 is explanatory drawing of the data of a 
contact angle (degree). Irradiation time was fixed to 5 seconds, irradiation range d (mm) was changed, and 



the result of having shaken oxygen tension p (atmospheric pressure) and having measured the contact 
angle (degree) was summarized. According to this result it turns gut firsj under atmospheric pressure that* 
a contact angle becomes 30 degrees at the time of the irradiation range of 1mm. Moreover, it turns out 
that an irradiation range is made larger than 1mm, and a contact angle will also become small and will go if 
oxygen tension is lowered and it goes under reduced pressure. Even in the place of 10-3 to 10-4 
atmospheric pressure with quite low oxygen tension, a contact angle can be made smaller than the time of 
atmospheric pressure by taking a large irradiation range. From this, by choosing an irradiation range 
suitably shows that a backwashing rate improves under reduced pressure compared with washing under the 
conventional atmospheric pressure. Furthermore, if oxygen tension is limited to the range of 0.005 to 0.05 
atmospheric pressures, a contact angle becomes a one half degree under atmospheric pressure, and the 
effect of washing is remarkable. 

[0020] Drawing 4 is explanatory drawing of the data of the result of having compared change by the 
irradiation time (second) of a contact angle (degree) according to the conventional conditions and the 
optimum conditions under the reduced pressure found out by this invention. According to this result, by 
this invention, the contact angle is [ that irradiation time had required for a contact angle becoming 10 or 
less degrees conventionally about 30 seconds ] small to 4 times by the irradiation time for 10 seconds. 
Therefore, in this invention, it turns out that there is one 3 times the backwashing rate of this. 
[0021] 

[Effect of the Invention] Since the ozone and the activity oxidizing quality decomposition product of high 
concentration of 10 times or more arise compared with the case where the conventional low-pressure 
mercury lamp is used, the narrow field of this lamp and a processed material body surface, especially near 
the processed material body surface, the method of oxidizing the material on the processed material body 
surface using a dielectric barrier discharge lamp or the surface concerned has a remarkably large speed 
which oxidizes the object on a processed material body surface or the surface concerned. It is admitted 
that the effect improves further under reduced pressure, and a much more remarkable effect is accepted 
on some conditions. And washing speed is not spoiled at ail for a remarkable irradiation range in the ability 
of the irradiation range which was a defect not to be earned by the processing under atmospheric 
pressure. Moreover, washing becomes possible effectively to irregularity with the deep surface similarly. 



[Translation done.] 
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CDI*IW 2 ^ f^gi^ 2 4 mm^P 1 mm®i^{|i|g 3 SiPIffi 

TV«S» Scm^iSCDiSm^H 7 tiSm:*;::^ i: UT 2 5 0 

^j'— 6As^{t^nrv%s. ^>rfflf*a{ii^9ti(±. 

?5:-^rv^So CCT-^lSl OtIJ;oT^ ^^Sil^^ty-V^ 
Sffi^>7-^X;<j2 O'?^' h-C^Ufeo ^ecomM. 20 
S 1 7 2 nmCfeAdftMfii*«-rsm^¥;i«ai^J: <Sfe 

[0 0 17] E2«:s ±IB^>7'*€efflbfc;^^>f 

7:^(Dmmm.^^^(omfimx'$>i>o 02^c*5v^T, i 

^®_ht:®-a-^nfci£^ 1 cmx 2 cm6D;^^-Y 

1 4 4:n-bTiSB$tlTV>So H&Mm lit 
(is ^t»b<l*®^*^^-rS:yxcDK{bttSa«:AP 
1 S^i^ffiP 1 6i:AS|&ltTfetlx gfmPttt^VU72 30 

i&^rt-bTs ^^^e2 2i:iSM^nr*5t)> ffiiic 
m^ii. iijvvyi a^ift-x^x.. mm:ff:^m 

1 9 iim^ii:x.m2 0*siSiKbTVASo 

[0 0 18] C®J;'5'5;^W^®*i^«bT> ±sB^> 

:^mmt(Dm.md (cm) i:^!LSMrt©^^®^ffp 

•rjV:3~)V (JUITI PA^;^^ao ) tfiT-S^F^S^iSiJfe 40 
f^*U g^$g«l^;«c^*t2. SBP^Sfgbfc^cDS 

TV-iS. *fc4'(HlCD|JWffl*fi^M®gM^tti^4 9«T- 

[0 0 19]Jg«tt, ia3C^-r^CDil»3T-$.So 03 

#Jc:@^U ,^Jtffigfd (mm) ^^ttp 
(mffi) (Jg) S:iiJ^bfciSS&Si:4S) 50 



fco CCDi^«»cinK> i-Ts :;*c^TT'M«ffigilm 
mCD^s j^fi^ttS OSfc^eSCltASto***, *fc, 
mmmt: l mm J: < bT^TT-i^^ESW 

t)^^ffi*sfiv^ 1 o-» ms.i^^ 1 o-4m&(Dmx'i>. 

^?>C. ^:^ff*0. 0 0 5^A»e.O. OS^OD 
[0 0 2 0] 04li. SSS^ ce) CDRSSmS (#) t: 

T- fflg3asiiHi= t x-tm bfci^m®5=-^ ®siW0T- 

Sfflt:^ti^F^*s3 0#SSSbTV^feCD^|S^ *%B^T- 
«: 1 0#CDR^B#P^T-4a*-Cg^AS/h^ <«:-dTVn 
So bte*SoTs *:#6W^tt3^i5fe^7lS*sfeS®*s 

[0 0 2 1] 

1 0^ljL±®SSV^?aK®;tV>i:ffitt»fbt4dPifetf^ 

■rs®T% «y!a«i^<*:a®*) b < ti^mmm±<o!m^m 
mmm^t^xi)m.^^}^—\'^m^'^zt.ifi^\,^o * 

fefRl«t:S®®aiVMHlOt:jt>fbr4)Ss!)ma<JK:J5fe}^*SBlig 
i:5S;So 

[0M®M*'5:giH^] 

m 1 ] *^Bj{3ffi«-rs^ap3®M^mi*o'ti; ram 

So 

[03] SKi5feJfiS*ffl7=-<5'CDgiBSiaTfeS. 
[04] m®i5tr^mffi7=-^5'®3iM0-^$.S. 
[#^®a5i^] 
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